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Abstract

Objectives—The main objective of this
study was to investigate exposure-
response relations between adverse mus-
culoskeletal outcomes and ergonomic
exposure variables.

Methods—A cross sectional analytical
study was ducted in 11 factories from
seven sectors of manufacturing industry
in South Africa. Exposure to workplace
ergonomic stressors was assessed in
factory floor jobs (n = 46) with a simple
low technology observational meodel.
Repetition, force, static posture, dynamic
movement, and other job exposures were
measured. Data of adverse muscu-
loskeletal outcome and data on potential
confounders and effect modifiers were
obtained from subjects (n = 401) ran-
domly sampled from each job category
with a questionnaire given by inter-
viewers.

Results—High prevalences of regional
musculoskeletal pain were found with
substantial variability between indus-
tries. Sex was the only individual risk
factor (after adjustment for potential
confounders and effect modifiers) that
was significantly associated with regional
pain. Ergonomic exposures in the work-
place were significantly associated with
musculoskeletal pain of the neck and
shoulders odds ratio (OR) 5-38 (95% con-
fidence interval (95% CI) 1-16 to 25:0) for
repetition, and OR 3-91 (95% CI 111 to
13-7) for seated compared with standing
work; pain of the wrists and hands OR
102 (95% CI 139 to 75-6) for high
summed score of dynamic postures of the
wrist).

Conclusions—This study indicates good
predictive ability to reduce ergonomic
stress with the exposure model, simple
surveillance methods, and educational
programmes in the workplace. Further
study on sampling strategies and
refinement of dimensions of ergonomic
stressors are needed.

(Occup Environ Med 1995;52:46-50)
Keywords: work related musculoskeletal disorders;
ergonomic stressors; epidemiology

A previously published study reported interim
findings.' Our present paper describes the full

study population and further investigations,
which previously were limited by sample size.

The role of ergonomic factors of the work-
place in the development of regional muscu-
loskeletal disorders has been a topic of
considerable interest and debate in recent
years. Exposure-effect relations have been
suggested by numerous cross sectional studies
in the scientific literature that showed differ-
ent prevalences of musculoskeletal disorgders
for different occupations, in conjunction Wwith
related biomechanical and physiological
principles. Given the multifactorial aetiology
and high background prevalence of these dis-
orders, studies that investigate both exposure
and outcome are necessary to disentangle
occupational and other causes, and to identify
appropriate preventive strategies. Few existing
studies have adequately characterised ergo-
nomic exposure—either exposure measures
are not included at all (other than job title),
imprecise exposure measures are used, or
insufficient exposure factors or dimensions
are included.?? Where studies have been able
to show exposure-effect relations, the
strongest relations were found with self
reports of both exposure and outcome. These
may lead to overreporting which may artifi-
cially inflate associations. Observational mod-
els are underused in epidemiological studies.
Such methods include a broad spectrum of
exposure factors, can be used in large popula-
tions, and arguably have considerable poten-
tial to reduce bias and misclassification of
exposure. This is the first comprehensive
study to develop and use a simple low tech-
nology observational model to measure
ergonomic exposure to show the effects on
musculoskeletal health of exposure to work-
place ergonomic stressors in a broad range of
industrial occupations. This study is also
unusual as it was conducted in an under-
developed country, which needed particular
adaptation of study design and methods of
measurement.

Subjects and methods

SELECTION OF OCCUPATIONS

A cross sectional analytical study was con-
ducted in factories drawn from labour inten-
sive industries (excluding mining) in South
Africa. Selective sampling, on an invitation-
response basis was used to obtain a spread of
factories for participation (n = 11) across
various industrial sectors. Within each fac-
tory, the jobs (or exposure zones, n = 46)
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Table 1 Participants by sex and industry (N = size of group; n = number sampled)

in the South African workforce

Faciory Occupation Sex n N
Gl s 0 2 &
. Ironer F 09 16
Clothing factory (D Machinist F 10 26
}Ssoner ll: 05 05
xaminer 06 06
Cutter M 05 05
Marker ;A 07 11
innin; Operator 1 09 17
Nylon sp! & Operator 2 M 09 18
Operator 3 m 09 18
t Spraypainter 14 86
Motor assembly plan Assembler 1 M 09 16
Assembler 2 i\rA 12 690
Machinist 14 56
Spotweld 1 F 12 244
Spotweld 2 M 07 11
Mechanic 1 M 14 50
Metal products Mechanic 2 F 05 6
i i illeter 08 14
Chicken processing Curter F 08 13
Packer F 10 24
Sealer F 07 11
ls-langer ll: 07 10
i orter 11 35
Fruit growers Packer F 16 70
Box maker M 07 11
Line feed M 08 14
anning facts Packer 1 M 12 40
¢ g factory Line work M 07 11
Line work F 04 04
Can maker M 06 08
Quality F 12 44
glerk m 06 06
Food production perator 14 51
codp Cleaner M 04 04
Mechanic M 05 05
Packer fA 08 14
Crisp facto! Operator 1 04 04
P i Operator 2 F 07 11
Packer F 16 54
Box maker M 04 04
Box sealer F 07 07
Pharmaceutical Operator M 07 11
factory Stacker M 12 12
Forklift M 09 18
Total 401 1839

were sampled from the available factory floor
jobs only; administrative, management, and
off-floor maintenance occupations were
excluded. This sampling strategy aimed to
produce a range of exposures. Exposure zones
were identified and defined by the researcher
according to both the consistency of tasks per-
formed and the similarity of tools, materials,
and equipment used by workers within that
zone. Where men and women performed the
same job, for the purpose of sampling, the job
was regarded as two separate exposure zones
(for example, packer M and packer F).

MEASUREMENT OF EXPOSURE

Exposure was measured with an observational
model developed for this purpose. The instru-
ment assessed items of unnatural postures,
repeated movements, and force requirements,
as well as potential confounders and effect
modifiers such as mental concentration
demands, temperature extremes, piece rate
work, rest pauses, manual handling of materi-

Table 2 Overall mean prevalence of regional pain

. Neck and
Pain (95% CI)S
Acute
Chronic

0:14 (0-106 10 0-174
019 (0-152 10 o~2zsg

Back and hand
(95% CI) (95% CD

0-20 (0-161 10 0-239) 0-02 (0-006 o 0-034)
0-24 (0-198 10 0-282) 0-04 (0-021 to 0-059)
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als and vibration. Items were rated either on a
1-4 scale according to the percentage of the
working day spent in that activity—for exam-
ple, each unnatural posture or movement,
materials handled manually and force
required—or as present or absent—all other
confounders and effect modifiers. Repetition
was assessed with cycle time criteria. Postures
and repeated movements were summed to
form regional scores for different anatomical
regions. The method of measurement for each
dimension of exposure was derived from
adaptations to previously published observa-
tional and scoring methods for different
exposure variables.*

For reasons of capacity and cost-effective-
ness, exposure data were recorded for a single
subject in each job category (n = 46) and
exposure was considered to be homogenous
within that job category. Previous assessment
of validity supported the use of this method in
the constrained and repetitive occupations
common in labour intensive industries.’ £].l
dimensions of exposure in all of the job
categories were measured by a single observer
(GS).

SELECTION OF SUBJECTS

The workers (n = 401) were randomly sam-
pled from each exposure zone (n = 46) to be
given the questionnaire by the interviewer.
Workers were sampled from those people pre-
sent on the days of the interviews, absentees
were excluded. Sample size for each occupa-
tion was decided in advance to be 95% sure of
obtaining at least one subject in the top 20%
of exposures.®

OUTCOME MEASUREMENT

Subjects were interviewed in their native
tongue by interviewers blinded to exposure by
the use of an earlier—piloted interviewer—
questionnaire. The questionnaire had ques-
tions on demographic details, extramural
activities, medical and employment history,
and musculoskeletal pain (recorded on body
diagrams), which included severity and fre-
quency of pain. The questionnaire allowed
pain to be reported at multiple sites. Our case
definition included only people whose symp-
toms had developed since working in the cur-
rent job (after the method of Silverstein ez al¥).

MANAGEMENT AND ANALYSIS OF DATA

The BMDP statistical software on a VAX
mainframe computer was used for manage-
ment and analysis of data. Crude prevalence
of outcomes that assumed a binomial proba-
bility distribution for men, for women, for
standing, for sitting, and for mixed work were
calculated. Multiple logistic regression tech-
niques were used to explore various explana-
tory models of exposure and confounding
variables for pain at various anatomical sites.

Results

The sample (n = 401) comprised 207
women and 194 men. Standing workers (n =
225), mixed workers (n = 105), and seated
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workers (n = 71) were included. Response

rate was 100%. Table 1 presents participants

by sex and industry.

Table 2 shows the prevalence of regional

musculoskeletal pain for the sample overall.

Prevalence of regional pain was grouped by

sex and type of work (table 3) and grouped by

industry (table 4). The prevalence of pain in
Table 3 Prevale of regional loskeletal pain grouped by sex and type of work
(standing, seated, and mixed work)

Forearm, wrist
Neck and shoulder Back and hand
(95% CD (95% CD) (95% CD
Seated men 013 (0-000 t0 0-204)  0-13 (0:000 t0 0-294)  0-06 (0-015 to 0-105)
(n=16)
Seated women  0-31 (0-188100-432)  0-23 (0:118 10 0:341)  0-02 (0-009 to 0-031)
(n =55)
Mixed men 009 (0-028 t0 0-152)  0-22 (0-131 to 0-309)  0-00 (0-000 to 0-000)
(n=83)
Mixed women  0-09 (0000 to 0-210)  0-22 (0:047 to 0-393)  0-00 (0-000 to 0-000)
(n=22)
Standing men  0-08 (002510 0-135)  0-13 (0-068 10 0:198)  0-02 (0-000 to 0-048)
(n=95)
Standing women 016 (0-097 10 0-223)  0-22 (0:149 10 0-291)  0-04 (0-006 to 0-074)
(@ = 130)
Table 4 Prevalence of regional loskeletal pain grouped by industry
Forearm, wrist
Neck and shoulder Back and hand
(95% CD) (95% CI) (95% CD

Motor vehicle 0-21 021 0-03
assembly (n = 68) (0113 10 0-307) (0-113 to 0:307) (0-011 to 0-070)
Pharmaceutical - R 2
products (n = 28) (0-000 to 0-226) (0-090 to 0-410) (0-000 to 0-000)
Metal products 0-00 0-26 0-00
(n=19) (0-000 to 0-000) (0:063 to 0-457) (0-000 to 0-000)
Chicken processing 0-13 0-39 0-05
(n = 40) (0-026 to 0-234) (0-238 to 0-541) (0-000 to 0-117)
Fruit packing . 3 0
(n=42) (0-202 10 0-218) (0-000 t0 0-147) (0-000 to 0-000)
Nylon spinners 0- 0-11 0-03
@®=27) (0-000 to 0-166) (0-000 to 0-228) (0-000 to 0-094)
Dog and baby food 0-07 0-26 0-00
@=31) (0-000 to 0-160) (0-106 to 0-414) (0-000 to 0-000)
Potato crisp factory 013 - 0-
(n=38) (0-023 to 0-237) (0-104 to 0-376) (0-000 to 0-094)
Clothing - - 0-
factory 1 (n = 19) (0-002 to 0-038) (0:009 to 0-494) (0-000 to 0-000)
Clothing 0-21 0-10 0-00
factory 2 (n = 42) (0-087 to 0-333) (0-009 t0 0:191) (0-000 to 0-000)
Canning factory 013 0-17 0-02
(= 47) (0-034 to 0-226) (0-063 t0 0-277) (0-000 to 0-060)

Table 5 Mean exposure scores and frequency of categorial exposure by industry
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the neck and shoulders ranged from 0-00 to
0-21 (95% confidence interval (95% CI)
0-202 to 0-218) between industries with an
overall prevalence of 0-14 (95% CI 0-106 to
0-174). The highest prevalences were found
in the motor assembly, fruit packing, and
clothing industries. Pain of the lower back was,
a ubiquitous phenomenon, with an overall
prevalence of 0-20 (95% CI 0-161 to 0-207),
no industry was exempt, the prevalence
ranged from 0-07 (95% CI 0-000 to 0-147) to
0-39 (95% CI 0-238 to 0-541). The chicken
processing and clothing factories had the
highest prevalence of pain in the lower back.
The prevalence of pain in the forearms, wrists,
and hands was 0-02 (95% CI 0-006 to 0-034)
for acute pain and 0-04 (95% CI 0-021 to
0-059) for chronic pain. Prevalence ranged
between occupations from 0 to 0-05 (95% CI
0-000 to 0-117) for acute and 0 to 0-10 (95%
CI 0-014 to 0-186) for chronic pain. The
highest prevalence was found in the fruit
packing and canning industries. - E

Women had a higher prevalence of regional
pain than their male counterparts in seated,
mixed, and standing work with the exception
of pain in the forearms, wrists, and hands in
seated work, where men scored higher (table
3).

Exposures were described with a profile of
scores on various dimensions of ergonomic
stressors. Mean exposure scores and
frequency of categorical exposure variables
differed by industry (table 5).

Multiple logistic regression analysis yielded
similar patterns of predictors of regional pain
as previously reported.! Workplace ergonomic
stressors showed significant associations with
pain of the neck and shoulders but not with
pain of the lower back. Further, in the present
study, analysis of pain of the wrists and hands,
which was not able to be reported previously
due to insufficient numbers, yielded signifi-
cant associations with ergonomic stressors to
the wrists and hands. With a specific model
for pain of the neck and shoulders, this study

Repetition
Force Traps Trapd Backs Backd Whists Wristd 1 2 3 4
mean (SD) mean (SD) mean (SD)  mean (SD)  mean (SD)  mean (SD)  mean (SD) n (%) n(%) n(%) n(%)
Motor vehicle
assembly 0-00 (0-05) 12-5(3-73) 1-32(1-72) 2-57(1-12) 2:35(2-14) 2:59(1:86) 0-27 (0-68) 47 (69) 00 2131 00
Pharmaceutical
products 3-61 (1-29) 12-1(7-45) 0-43(0-50) 257 (3-81) 0-43(0-50) 0-00(0-00) 0-00(0-00) 16(57) 12(43) 0(0) 0(0)
Metal products 5-00 (2:67) 3-00(1-12) 0-00 (0-00) 3-00 (1-67)  0-00 (0:00) 0-00 (0-00) 0-00 (0-00) 19 (100) 0 (0) 9(0) 0(0)
Chicken processing ~ 2:35 (1:23) 9-20 (3-67) 2:78(2:14) 3:15(2-58) 3:70(1-47) 0-00(0-00) 3-40(3-39) 14(35) 10(25) 0(0) 16(40)
Fruit packing 243 (1448) 743 (6:09) 660 (463) 2:19(1:70) 1:62(2:00) 0-00 (0-:00) 6:60 (7-52) 42 (100) 0 (0) 0(0) 0 (0)
Nylon spinners 263 (1-39) 029 (1-07) 667 (9:61) 0-89 (1-69) 9-22(8-84) 0-00(0-00) 0-00 (0-00) 27 (100) 0 (0) 0(0) 0(0)
Baby and dog food 3-68 (1-28) 3-93 (7-49) 0-00 (0-00) 561 (3-18) 0-00 (0-00) 0-00 (0-00) 0-00 (0-00) 22 (71) 0(0) 9(29) 0(0)
Potato crisp factory ~ 1-42 (1-24) 3-90 (2-55) 0-00 (0-00) 426 (3-58) 1-87 (1-87) 0-42(0-50) 0-61 (0-50) 15 (40) 0(0) 0(0) 23(60)
C}' ¢ factory 1 1-94 (1:75) 836 (3:06) 0-00(0-00) 176 (2:19) 3:06 (1'75) 0-47 (0-87) 0:77 (0-44) 37 (77) 0(0) 11(23) 0(0)
ctory 2 2:21(1-76) 836 (3:06) 0-00(0-00) 3-07 (1-70) 1-05(1-78) 0-57 (0-83) 0-41(0-73) 42(100) 0 (0) 0 0(0)
v 3-60 (2:72) 2:13(3-83) 0-00(0-00) 2-92(1-70)  0-00 (0-00) 0-00 (0-00) 0-19 (0-73) 37 (77) 0(0) 11(23) 0(0)
‘v force; Traps = a d score of d adverse p of the neck and shoulder; Trapd = a d score of repeated d: i
Q ‘der; Backs =a d score of d adverse p of the back; Backd = a d score of rep dd; i of the back;
3 ore of sustained postures of the wrist and hand; Wristd = a d score of rep p of the wrist and hand.
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Table 6 Logistic regression of pain in the neck and shoulder (N = 401, n = 76)

B (SEM) BISEM P value OR (95% CI)
TST (1) 1:362 (0-64) 214 0-032 391 (1-11 to 13-7)
Height —0-453 (0-02) -2-18 0-985 0-96 (0-92 to 0-99)
REP (1) 1-683 (0-78) 216 0-031 5:38 (1-16 to 25-0)
REP (3) 1-571 (0-51) 3-11 0-:002 4-81 (1-78 10 13-0)

Adjusted for sex, age, and height. Also included in the model (but did not reach significance)
were whole body force, neck and shoulder and wrist p (static and d ics), and length of
service in current job. TST (1) = seated compared with standing work; REP (1) = medium com-
pared with low level of repetitiveness; REP (3) very high compared with low level of repetitiveness.

Table 7 Logistic regression of pain in the forearm, wrist, and hand (N = 401) (n = 15)

B (SEM) BISEM P value OR (95% CI)
Sex —2:148 (1-07) -200 0-046 0-12 (0-01 to 0-95)
Wrist 2-327 (1-02) 2:28 0-023 10-2 (1-39 to 75-6)

Included in the model (but did not reach significance) were: TST (1) (seated compared with
standing work), TST (2) (mixed compared with standing work), neck and shoulder postures
(static and dynamics), static wrist postures, age, high mental concentration demands, cold
temperature, repetition, and length of service in the current job.

indicated that repetitive work, seated rather
than standing work, and height (being short)
were significantly associated with pain of the
neck and shoulder (table 6). None of the
workplace ergonomic factors were signifi-
cantly associated with pain of the lower back;
the only variable that emerged as significant in
the regression analysis on back pain was sex
(being a woman) (8 1-014; SEM 0-47; f/SEM
2:18; P 0-029; odds ratio (OR) 2-76; 95% CI
1-10 to 6-88). For pain of the wrists and
hands, sex (being a man) and wristd (a
summed score of dynamic postures of the
wrist and hand) were significant contributors
to pain (table 7). There were no statistical
interactions between exposure and other
covariables, or between the main dimensions
of exposure (force, posture, and repetition).

Discussion

This study was able to show a clear work
related excess of regional musculoskeletal
pain linked to ergonomic exposures. The
observed high background prevalence of mus-
culoskeletal pain was expected. This con-
curred with the existing scientfic literature.
Findings in this study for pain of the lower
back, but not for other regional pain, concur
with the well documented sex difference in
reporting pain, where women tend to report
more pain than men. The prevalence of pain
of the forearms, wrists and hands in this study
was lower than expected, particularly as anec-
dotally, disorders of the hands and wrists were
regarded as a major problem by some person-
nel and workers in the factories’ clinics. The
reason this was not reflected in the data on
prevalence may be partially explained by an
aspect of the healthy worker effect in which
workers with symptoms of the hands and
wrists are disabled for their jobs. None the
less a work related excess was evident for
symptoms of the forearms, wrists, and hands
(table 7). A work related excess was also evi-
dent for pain of the neck and shoulders (table
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6), but not for pain of the lower back, which is
not surprising given its multiple aetiology.

Subjective reports of musculoskeletal pain
with no attempt at diagnosis was considered
to be the most appropriate measure of out-
come in this study. These measures have high
generality, they are easy to use in the field and
are of proved validity.” Measures of self
reported pain seem to have less credibility
than clinical measures overall—for example,
studies excluded from Stock’s review.® This
may be at least partially due to the contro-
versy surrounding the existence of work-
related musculoskeletal disorders,” where
“harder” outcomes were perhaps perceived to
be more credible. A simple outcome measure
is arguably less sensitive to misclassification of
outcome than complex clinical diagnostic
entities, given inconsistent case criteria and
lack of usefulness in the field of many of these
diagnoses.’ '° Also, musculoskeletal symptoms
often present atypically, and the use of only a
few discrete symptom patterns. according to
diagnostic criteria, would exclude ny
adverse musculoskeletal outcomes from
study; such studies may underestimate expo-
sure-effect relations, particularly as damage to
one structure may evoke damage to intercon-
nected structures.

Although we think that this study repre-
sents a considerable improvement in charac-
terisation of exposure relative to previous
work, non-differential misclassification of
exposure may have arisen in this study in vari-
ous ways and contributed to an attenuation of
strength of association with musculoskeletal
pain. Firstly, the assumption of homogeneity
of exposure in a single job category is a poten-
tial source of misclassification of exposure, the
extent of which is dependent on the relation
between variation between people and jobs.'!
It was not feasible in this study to specifically
assess the extent of variation between people
within each exposure zone. This would have
necessitated a separate study for each of the
46 exposure zones across each dimension of
exposure. To facilitate a low variation
between people in this study, exposure zones
were selected on the basis of strict inclusion
criteria as already described. None the less,
postural items, more so than repetitiveness or
whole body force may vary considerably
between people in the same job, due to differ-
ences in work technique or anthropometry.
The lack of association between the regional
postural scores and pain of the neck and
shoulders may simply be due to a lack of
effect, or may arise from a lack of homogeneity
between workers in the same job on this
aspect of exposure.

Possible invalid aspects of the model may
also have given rise to misclassification of
exposure, but the process of full validation of
such a model is hindered by the poorly under-
stood pathogenesis of musculoskeletal disor-
ders and the interaction between ergonomic
factors and other extraneous factors. The
publications on ergonomics are full of labora-
tory evidence that links adverse postures,
force, and repetition to acute effects such as
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discomfort. Whether or not these effects are
precursors of musculoskeletal disorders is
unclear, and not yet proved.

A research area indicated by this study is
the development of finer measures (of greater
generality, capacity, and sensitivity) for
dimensions of exposure considered important
in the scientific literature where there is
disagreement or haziness of meaning. The
term “postural constraint” is a case in point;
ergonomists would generally agree that being
unable to adopt a variety of postures is
undesirable, but how to quantify this lack of
flexibility is less clear. Measures of the fre-
quency of transitions between sitting and
standing have been used to describe con-
straint, but are not very helpful for the many
industrial jobs in which workers have to be sit-
ting or standing all of the time. Another prob-
lematic dimension of exposure is force, the
use of a psychophysical rating scale allows for
the measurement of whole body force, but
regionally specific forces, relevant in surveys
that include disorders of the hands and wrists,
are more difficult to include in a simple low
technology model. Lastly, the development of
an appropriate measure of outcome and its
link to work related musculoskeletal disorders
is required; self reported pain promises the
appropriate outcome measure that is

Schierhout, Meyers, Bridger

required, but the range of disorders need to
have better defined nodes and endpoints for
further study.
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